Fifteen Acholeplasma strains, including some belonging t o A . laidlawii, A . axanthum, A . granularum, or A . modicum, incorporated radioactivity into their lipids when grown in a medium containing [ 1-' 4 C ] acetate. The majority of the radioactivity was found in the glycolipid (43%) and the polar lipid (55%) fractions. The amount of radioactivity incorporated into the lipids (disintegrations per minute per milligram of lipid) of strains of 6 Mycoplasma species was less than 1% of the amount found in the 15 Acholeplasma strains. The ability t o synthesize lipids from acetate is a useful criterion for differentiating the genus Acholeplasma from Mycoplasma.
The order MycopZasmataales Freundt contains the genera Mycoplasma Freundt and Acholeplasma Edward and Freundt. These genera are differentiated primarily by their cholesterol dependence. Mycoplasmas require cholesterol for growth; acholeplasmas do not (18, 29) . Genome size (1, 2, 7), localization of reduced nicotinamide adenine dinucleotide oxidase activity (10, 11 , 13, 20) , and sensitivity t o sodium polyanethol sulfonate (3), amphotericin B (21) , or lysolecithin (5) are other criteria useful in making generic distinctions.
Previous investigations of A choleplasma and My coplasma have suggested that these genera could also be differentiated by their ability t o synthesize lipids from acetate (15, 22, 23, 30) . We have investigated this possibility by examining 15 Acholeplasma strains and 6 Mycoplasma strains for their ability t o incorporate acetate into their lipids.
MATERIALS AND METHODS
Bacterial strains. The Acholeplasma strains (see Table 1 ) were received from J. G. Tully (National Institutes of Health).
Mycoplasma hyorhinis 7 was obtained from R. F.
Ross (Iowa State University), and M. pneumoniae CL8, M. gallisepticum S6, M. fermentans PG18, M. pulmonis N3, and M. neurolyticum A were obtained from N. L. Somerson (Ohio State University). The anaerobic Acholeplasma bQCt0dQStiCUm JR described by Robinson and Hungate (19) was not included in our study of acholeplasmas because of a recent observation (M. Allision and I. M. Robinson, personal communication) that this strain has an absolute cholesterol requirement.
Media and growth conditions. All organisms were grown in SSR2 broth medium (12) and, where possible, in a modified Tryptose broth (MT) (15). The MT basal medium consisted o f Tryptose (Difco), 20 g; NaCl, 5 g; N-2-hydroxyethylpiperazine-"ethanesulfonic acid (Calbiochem, San Diego, Calif.), 9.77 g; and distilled water, 938 ml. The basal medium was adjusted to pH 8.2 with 10 N NaOH. Additions were as follows: 50% (wtlvol) sterile glucose solution, 20 ml; fresh yeast extract solution (Microbiological Associates, Inc., Bethesda, Md.), 50 ml; and PPLO Serum Fraction (Difco), 10 ml. The PPLO serum fraction used in MT or SSR2 media was from control lot 521051 or 525683.
Stock solutions of [ 1-' *C] sodium acetate (738 pCi/mg, Amersham/Searle Corp., Arlington Heights, Ill.) were prepared in either MT or SSR2 medium at a concentration of 125 pCi/ml. These stock solutions were filter sterilized. Stock solutions of radioactive acetate were then added to their respective medium to give a final concentration of 0.25 pCi/ml in the complete medium. Penicillin G was also added to give a final concentration of 50 U/ml in MT medium or 100 U/ml in SSR2 medium.
For acholeplasmas, 3 to 6 ml of a 24-h-old MT or SSR2 culture was inoculated into 125 ml of the same medium containing radioactive acetate. Acholeplasma cells grown either in SSR2 or MT medium were harvested at 24 and 48 h, respectively. For Mycoplasma strains, 10 to 15 ml of a 24-h-old culture was inoculated into 250 ml of SSR2 containing radioactive acetate and harvested at 48 h, except for M. gallisepticum S6, which was harvested at 24 h. All organisms were incubated at 36 C.
To obtain pellets of mycoplasmas, the broth cultures were centrifuged at 16,000 X g for 20 min. The pellets were washed twice by resuspension in 200 ml of cold Kappa buffer (12) followed by centrifugation. The washed organisms were resuspended in 30 ml Extraction and purification. The freezedried pellets (2 to 47 mg) were weighed to g and were extracted three times with 5 ml of chloroformmethanol (2: 1, Lipopure Reagents, Applied Science Laboratories, Inc., State College, Pa.). The pooled extract was filtered, dried under nitrogen, and purified by Sephadex chromatography as described by Rouser et al. and Siakotos and Rouser (24, 25) . The chloroform-methanol (19: 1, water-saturated) fraction was dried under nitrogen, and the residue ("purified lipid") was weighed to g (Cahn G-2 Electrobalance, Ventron Inst. Corp., Paramount, Calif.). Data are reported as percent lipid recovered from whole cells, designated "7% lipid."
Determination of acetate contamination. The final supernatant wash fluids contained about 340 dpm/ml, presumably all [I-' acetate. Washed cell pellets never exceeded 1 ml in volume. By using these values, and assuming an intracellular space of 5076, we computed that harvested cells, prior to freezedrying, were contaminated with a maximum of 170 dpm of [ 1-' *C] acetate. In other experiments, Sephadex columns were loaded only with labeled acetate and chromatographed to determine how much radioactivity would elute into the chloroform-methanol (19: 1, water-saturated) fraction and, therefore, contaminate the purified lipid fraction. About 50% of the labeled acetate applied to the Sephadex columns was eluted in this fraction. With these data, we calculated that no more than 100 dpm in any of our experiments could be ascribed to acetate contamination. In experiments with Acholeplasma strains, the acetate contamination was computed to be 0.77% (n = 127, standard deviation 1.77%).
To determine if spots seen in thin-layer chromatography (TLC) radioautographs were contaminating [1-' 4C]acetate, TLC plates were spotted with only radioactive acetate and chromatographed. These experiments showed there were no spots found on TLC of radioactive acetate that corresponded to any found in our radioautographs of purified lipid.
Distribution of radioactivity in lipid classes. Samples of purified lipid containing known amounts of radioactivity were placed on silicic acid columns, and the neutral lipid and glycolipid fractions were eluted (24, 32). These eluates were dried under nitrogen and assayed for radioactivity. The radioactivity in the noneluted polar fraction was estimated by subtracting the sum of the recovered neutral lipid and glycolipid fraction radioactivity from the amount applied to the column.
Scintillation cocktail (13) was added to purified lipid of known weight and assayed for radioactivity in a liquid scintillation counter (model 33 lOS, Packard Instrument Co.). The samples were counted for 20 min and corrected for quenching and background, and radioactivity was reported as disintegrations per minute per milligram of lipid (1 3).
Fatty acid isolation. Fatty acid methyl esters were prepared from purified lipids with known amounts of radioactivity by using a modification of the procedure of Metcalfe et al. (6) . The samples were dried under nitrogen and assayed for radioactivity as for lipid classes.
TLC of lipids. Phospholipids were isolated by the twodirectional TLC technique described by Turner and Rouser (31) . In this procedure we used commercially prepared Silica Gel H plates, 250 pm thick, containing 7 -5% magnesium acetate (Analtech Inc., Newark, Del.). Neutral lipids were resolved by fourdirectionaldevelopment TLC (4D-TLC) (9) .
To visualize lipids, plates were sprayed with a sulfuric aciddichromate spray (Applied Science Laboratories Inc., State College, Pa.) and charred. Phospholipids were also visualized by spraying with Phospray (Supelco Inc., Bellefonte, Pa.).
Radioautography. X-ray film (No-Screen Medical X-ray film NS-54T, Kodak, Rochester, N. Y.) was exposed to unsprayed TLC plates for 7 days and developed. The final prints showed labeled lipids as dark spots on a white background.
RESULTS
SSR2 medium supported the growth of all the strains tested. Acholeplasmas, but not mycoplasmas, grew in the MT medium (Table  1) -
The percent lipid and the disintegrations per minute per milligram of lipid were determined for the acholeplasmas grown in the SSR2 and MT media. The same data were obtained for mycoplasmas grown in SSR2 medium (Table  1 ). The percent lipid was not significantly different (P > 0.05) between strains of the two genera grown in SSR2 medium. However, the amount of radioactivity from [ 1-' 4 C ] acetate incorporated into the lipids of these organisms clearly separated the two genera. Acholeplasma strains incorporated significantly more radioactivity into their lipids than did Mycoplasma strains ( P < 0.025).
There was no significant difference (P > 0.05) in the percent lipid of Acholeplasma cells grown in either SSR2 or MT medium. There was significantly more (P < 0.005) radioactivity incorporated into the lipids of the Acholeplasma cells grown in the MT medium than was incorporated when grown in the SSR2 medium (Table 1) . Additional experiments demonstrated that almost all of the radioactivity was lipoidal and not contaminating [ 1 -l C] acetate.
The purified lipid from five Acholeplasma strains grown in the MT medium was fractionated on silicic acid columns ( Table 2) . Only 3% of the total radioactivity was found in the neutral lipid fraction. The balance of the radioactivity was distributed without a statistically significant difference (P > 0.05) between the glycolipid and polar lipid fractions. Radioactive purified lipid and non-radioactive lipid standards were chromatographed (Fig. 1) by 4D-TLC. The upper right plate of Fig. 1 is a chromatogram, visualized by charring, of lipid standards. The upper left plate of Fig. 1 shows A . laidlawii A strain PG8 lipids, which were also visualized by charring. In this latter plate, the spots of the A . Zaidlawii A strain PG8 lipid near the origin (lower left corner of plate) correspond to phospholipid and glycolipid areas. There are also fainter spots in the diglyceride area (upper right quadrant). The lower plate of Fig. 1 shows a reproduction of a radioautograph of a similar sample of A . laidlawii A strain PG8 lipids. The radioactivity appears to be located in the same areas as the lipids in the upper left plate of Fig. 1 . These localized areas as well as the entire TLC plate were assayed for radioactivity. The percent of the total plate radioactivity in the diglyceride and phospholipid plus glycolipid spots was 6.3% and 9376, respectively. Only 0.7% of the radioactivity was found o n the remainder of the plate. This agrees closely with the data from the silicic acid column, which show 3% of the radioactivity in the neutral lipid and 97% in the polar plus glycolipid fractions.
To confirm further that the unresolved 76 HERRING AND POLLACK INT. J. SYST. BACTERIOL.
radioactivity at the origin of the TLC plates in Fig. 1 was lipid, additional TLC was conducted. Figure 2 shows radioautographs of A . axanthum S743, A . granularum BTS-39, and A . laidlawii A strain PG8 chromatographed for resolution of phospholipids. These radioactive lipids have not been completely identified. Earlier work showed that A . laidlawii B strain PG9 incorporated acetate radioactivity into fatty acids (1 5 ) . We isolated at least 50% of all the radioactivity in unfractionated purified lipids from the organisms listed in Table 2 in a methyl ester fatty acid fraction.
DISCUSSION
MT medium was originally chosen for our work because of the low serum content (1 %), but growth of the Mycoplasma strains in this medium was neglible or absent. Therefore, SSR2 medium (containing 3% serum), which supported growth of all of the strains studied, was used as the test medium.
As shown in Fig. 1 found in the fatty acid methyl esters prepared from the lipids of A . laidlawii A strain PG8, A . axanthum S743, and A . granularum BTS-39. We do not know in what lipid moiety the remainder of the radioactivity is located. We postulate that it might be located in the glycerol backbone or the carbohydrate components of the glycolipids and phospholipids.
The radioautographs of 4D-TLC separation of lipids from A . laidlawii A strain PG8 show small amounts of radioactive components in the diglyceride area. The presence of these apparent diglycerides suggests a source for the intermediates in the synthesis of glycolipids and possibly phospholipids. Smith has shown that A . laidlawii €3 can synthesize monoglycosyl diglyceride (MGD) from 1,2-diglyceride and uridine-5 '-dip hosphoglucose (UDPG) and the diglucosyl diglyceride from MGD and UDPG (27) . Plackett et al. (8) have found that A . axanthum S743 is capable of utilizing glycerol in the synthesis of phospholipids. The relatively small amounts of the radioactive diglyceridelike compounds found in our work suggests a possible source of these compounds for more complex lipid synthesis. found that the growth of strains of 31 Mycoplasma species was inhibited by lysolecithin; strains of Acholeplasma species were less sensitive. These workers used Acholeplasma sp. strain Squire (=PC49), which was recently established as A . modicum (4), and found that it was as sensitive to lysolecithin as the majority of the Mycoplasma strains. From our work, this strain is included in the genus Acholeplasma because it incorporates radioactivity into lipid.
Recently, Rottem et al. (22) detected acyl carrier protein activity in acholeplasmas and relatively less activity in mycoplasmas. Their findings are compatible with the relative amounts of acetate radioactivity incorporated into the lipids of the acholeplasmas and mycoplasmas that we have tested.
